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(57) ABSTRACT 

A crank signal generated by a crank angle sensor has a front 
pulse missing portion and a back pulse missing portion in a 
pulse train of every predetermined angle interval. The level 
of a cam signal generated by a cam angle sensor becomes 
different in the pulse missing portion of the crank signal. A 
level different from that in the pulse missing portion con- 
tinues for a period of predetermined angles before the pulse 
missing portion. A microcomputer determines each of the 
front and back pulse missing portions in the crank signal on 
the basis of the level of the cam signal in the pulse missing 
portion of the crank signal in two cycles of the rotation of a 
crankshaft of the engine and the duration of a different level 
before the pulse missing portion. 
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ENGINE CONTROL UNIT HAVING FIG. 2 is a time chart showing various signals generated 

CYLINDER DETERMINATION FUNCTION in one cycle (720° CA) of an engine in the embodiment; 

FIG. 3 is a block diagram of a crank signal processing 

CROSS REFERENCE TO RELATED 5 h^re in the embodiment; 

APPLICATION * k a l " ne CDart SDOwm g various signals generated 

in the crank signal processing hardware; 

THis application is based on and incorporates ^erein ^by FIG. 5 is a time chart showing various signals generated 

reference Japanese Patent A^tonsNb. 2000-19303 for ^ aQ , e CQunter * ^ ^ * £ Q{ ^ 

filed Jan. 27, 2000 and No. 2000-363045 filed Nov. 29, • c - & r 

2000 10 missing portion, 

FIG. 6 is a time chart showing a relation among a crank 

BACKGROUND OF THE INVENTION signal, a cam signal and a cylinder determination signal; 

The present invention relates to an engine control unit, FIG * 7 is a lime chart showing a cylinder determining 

and particularly to an engine control unit which determines method when noise occurs in the cam signal; 

cylinders to be controlled of an engine. 15 FIG 8 is a flowchart showing a process of determining 

An engine control unit (ECU) is an electronic control unit front/back pulse missing portions from cam signal wave- 

for performing controls such as fuel injection control, igni- forms b y cam si g Qal interrupt routine; 

tion timing control, and idle speed control to operate an FIG. 9 is a flowchart showing a cylinder determining 

engine in an optimum state. Specifically, signals from vari- process by missing pulse detection interrupt routine; 

ous sensors for sensing engine operating states such as crank 20 FIG. 10 is a time chart showing an angle counter process 

angle sensor and engine coolant temperature sensor are when noise occurs in the cam signal and erroneous deter- 

supplied to the ECU to control an optimum fuel injection mination is made; and 

amount, injection timing, ignition timing, and the like. nG u ig a ^ chm showing ^ angle C0UQter proce$s 

Controls synchronized with the engine speed such as 25 wnen noise occurs in the cam signal and erroneous deter- 

ignition control and injection control, that is, controls syn- mination is made, 
chronized with a crankshaft rotation position are performed 

by generating a signal of ignition pulses or the like after DETAILED DESCRIPTION OF THE 

elapse of offset (delay) time from a predetermined crank- PREFERRED EMBODIMENT 
shaft position indicated by the edge of a crank signal. 

Further, a cylinder to be controlled with respect to fuel ^ P res en* invention will be described in detail with 

injection and ignition must be determined accurately from reference to an embodiment, in which an engine control unit 

time to time during engine operation. ( ECU ) is a PP lied 10 a five-cylinder four-cycle engine. 

It is, however, necessary to perform an arithmetic opera- Referring to FIG. 1, an engine control unit (ECU) 1 has 

tion for converting the angle to time. There is a demand for 35 a microcomputer (MC) 10, a power supply circuit 20, an 

reduction in processing load and improvement in accuracy. input/output circuit (I/O) 30, and an EEPROM 40. The 

power supply circuit 20 receives a supply of power from a 

SUMMARY OF THE INVENTION battery 2 and supplies a predetermined voltage to various 

It is therefore an object of the present invention to provide electronic circuit devices in the ECU 1. The microcomputer 

an engine control unit with reduced processing load and 40 10 has a cpu n > a R0M 12 > a RAM 13 > an A/D converter 

improved accuracy and, moreover, capable of properly con- 14 > ^ input/output interface 15, and a timer module 16. The 

trolling the engine even when a cylinder determination circuit devices transmit/receive data to/from each other via 

signal includes noises. a data Dus - EEPROM 40 is connected to the input/output 

According to the present invention, a crank signal and a interface 15 and the circuit devices transmit/receive data 
can signal are generated by a crank angle sensor and a cam 45 to/from the EEPROM 40 via the mput/output interface 15. 
angle sensor in synchronism with rotation of a crankshaft The input/output circuit 30 receives signals from sensors, 
and a camshaft of an engine, respectively. The crank signal switches, and the like, and outputs drive signals to an 
is generated to have a front pulse missing portion and a back injector (fuel injection valve) and an igniter. Further, a 
pulse missing portion in a pulse train of every predetermined communication line 3 is connected to the input/output circuit 
angle interval. The cam signal is generated to have different 50 30 and dala is transmitted/received to/from other ECU (not 
levels in the pulse missing portions of the crank signal. A shown) via the input/output circuit 30. The CPU 11 in the 
level different from that in the pulse missing portion con- microcomputer 10 receives signals (data) from the sensors, 
tinues for a period of predetermined angles before the pulse switches, and the like and data from the communication line 
missing portion. A microcomputer determines each of the 3 via lne input/output circuit 30 and the input/output inter- 
front and back pulse missing portions in the crank signal on 55 f ace * 5 ana< executes various arithmetic operations on the 
the basis of the level of the cam signal in the pulse missing Dasis of me data t0 control the injector and the like via the 
portion of the crank signal in two cycles of the rotation of the input/output interface 15 and the input/output circuit 30. 
crankshaft of the engine and the duration of the different The signals received by the ECU 1 include a crank signal 
level before the pulse missing portion. from a crank angle sensor (crank signal generating means) 

_ 60 and a cam signal from a cam angle sensor (cylinder deter- 

BRIEF DESCRIPTION OF THE DRAWINGS mination ^ generating m J y mG 2 ^ ws the crank 

The above and other objects, features and advantages of and cam signals of one cycle (720° crank angle) of the 

the present invention will become more apparent from the engine. 

following detailed description made with reference to the The crank signal generated by the crank angle sensor is a 

accompanying drawings. In the drawings: 65 pu lse train of every predetermined angle interval corre- 

FIG. 1 is a block diagram showing an engine control unit sponding to rotation of the crankshaft of the four-cycle 

according to an embodiment of the present invention; engine. The crank signal has a pulse missing portion 
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(reference position in rotation of the crankshaft) in which FIG. 4 and measures time between crank edges (between 

pulses are missing in the pulse train to indicate a reference trailing edges of the crank signal). The measured value is 

position of the crankshaft based on which delay angles of multiplied by 1/n times and resultant data is transferred to 

starting fuel injection and ignition are measured. The crank the frequency multiplication register 104 at the time of input 

signal in the embodiment has a structure that two pulses are 5 of the crank edge. The transferred data serves as an initial 

skipped every 60 pulses (60-2 pulse structure). Specifically, value of the frequency multiplication counter 105 as a 

the pulse interval in the pulse train is 6° CA, and the pulse down-counter. An example of the frequency multiplication 

missing portion is provided every 360° CAin the pulse train. value (n) is "32". 

One (pulse missing portion of every 720° CA) of the pulse The frequency multiplication counter 105 in FIG. 3 gen- 
missing portions is defined as a front pulse missing portion 10 e rates frequency multiplication clocks by multiplying the 
and the other one (pulse missing portion of every 720° CA crank edge interval measured by the edge time measuring 
subsequent to the first one) is defined as a back pulse missing counter 103 by 1/n. Specifically, the frequency multiplica- 
portion. uon counter 105 counts down by time synchronization as 

The cam signal generated by the cam angle sensor is shown in FIG. 4. When underflow occurs, it generates a 

synchronized with the rotation of the camshaft of the engine 15 frequency multiplication clock, and the count value is reset 

and is a cylinder determination signal for specifying the to the initial value. This operation is repeated. When the next 

cylinder position. The trailing edge of the cam signal is crank edge (trailing edge of the crank signal) is supplied, the 

provided every 144° CA. At the trailing edge (timing tl) value of the frequency multiplication register 104 and the 

immediately after the front pulse missing portion of the initial value of the frequency multiplication counter 105 are 

crank signal, the cam signal is at the low (L) level. At the 20 updated to the latest values. The frequency multiplication 

trailing edge (timing t2) immediately after the back pulse counter 105 as frequency multiplication signal generating 

missing portion of the crank signal, the cam signal is at the means generates the frequency multiplication signals 

high (H) level. That is, when the cam signal level is the L (frequency multiplication clocks) of integer times by the 

level in the pulse missing portion, the pulse missing portion next pulse on the basis of the pulse interval of this time 

can be determined as a front pulse missing portion. When the 25 measured by the edge time measuring counter 103. 

cam signal level is the H level in the pulse missing portion, reference counter 108 in FIG. 3 is incremented by the 

the pulse missing portion can be determined as a back pulse frequency multiplication clock as shown by dotted lines in 

missing portion. FIG. 4. The tracking counter 109 in FIG. 3 is incremented by 

The crank signal is supplied to a crank signal processing a time synchronization clock (performs a counting operation 

hardware (CSPH) 100 in the timer module 16 in FIG. 1. The 30 by the internal clock). The guard counter 107 is a counter for 

cam signal is received by the microcomputer 10 via the receiving the crank signal and is incremented by the trailing 

input/output circuit 30. The crank signal processing hard- edge of the crank signal. On receipt of a crank edge, a value 

ware 100 provided in the timer module 16 is a functional which is (n) times (frequency multiplication) as large as a 

unit for processing the crank signal in a hardware manner. A value before the increment is transferred to the reference 

process on the crank signal (generation of angle signals by 35 counter 108. 

dividing crank edge interval) of FIG. 2 can be performed by As shown in FIG. 4, the count value of the reference 

the crank signal processing hardware 100 in a hardware counter 108 cannot exceed the guard value (value of (n) 

manner, times as large as the count value) transferred from the guard 

As shown in FIG. 3, the crank signal processing hardware 4Q counter 107 when the crank edge is supplied. The guard 

100 has a pre-scaler 101, a frequency divider 102, an edge value is shown by a dotted-chain line in FIG. 4. The tracking 

time measuring counter 103, a frequency multiplication counter 109 is incremented only when its value is smaller 

register (edge time storing register) 104, a frequency mul- than the count value of the reference counter 108. Synchro - 

tiplication counter 105, an event counter 106, a guard nously with the increment of the tracking counter 109, an 

counter 107, a reference counter 108, a tracking counter 45 angle clock (angle signal) is generated. In such a manner, the 

(angle counter) 109, and an angle clock counter 110 for angle clock is generated by the three counters 107, 108, and 

generating injection signals and ignition signals. A signal P 109. 

<j> from the pre-scaler 101 is sent to the edge time measuring In this embodiment, an internal clock (signal P <(> from the 

counter 103 via the frequency divider 102. The signal P <f> is pre-scaler) is set at 20 MHz, and the tracking counter 109 

also sent to the tracking counter (angle counter) 109. 5Q can operate at higher speed as compared with the other 

Further, the crank signal is sent to the edge time measuring counters. 

counter 103, event counter 106, and guard counter 107. In FIG 4> al the time of engiDe deceleration in which the 

FIG. 4 is a time chart showing generation of angle clocks crank edge interval increases with time, in the counting 

(angle signals). Shown in FIG. 4 are the input crank signal, operations of the reference counter 108 and the tracking 

the count value of the edge time measuring counter 103, a 55 counter 109, the value of the reference counter 108 reaches 

storage value of the frequency multiplication register 104, a the guard value which is (n) times as large as the value of the 

count value of the frequency multiplication counter 105, an guard counter 107 before the crank edge is supplied, so that 

output signal (frequency multiplication clock) of the multi- the increment of the tracking counter 109 is inhibited. The 

plication counter 105, a guard value which is (n) times as incrementing operation of the reference counter 108 and the 

large as the value of the guard counter 107, a count value of 60 tracking counter 109 is stopped at a frequency multiplication 

the reference counter 108, a count value of the tracking value by the guard counter 107. As a result, at the time of 

counter 109, and a count value of the angle counter 110. engine deceleration, the incrementing operation of the track- 

The edge time measuring counter 103 in FIG. 3 receives ing counter 109 is stopped to prevent generation of angle 

the crank signal and measures the time between crank edges clocks of a predetermined number or larger, 

(pulse interval). More specifically, the edge time measuring 65 The angle counter 110 for ignition and injection in FIG. 

counter 103 as pulse interval measuring means is a counter 3 is incremented as shown in FIG. 4, each time the angle 

which is incremented by time synchronization as shown in clock from the tracking counter 109 is received. The ignition 
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and injection controls are performed synchronously with the the cam signal in the front pulse missing position becomes 

crank angles by using a comparison register on the basis of high, the position is erroneously determined as the back 

the count value of the angle counter 110 for ignition and pulse missing position, and the counter cannot be initialized, 

injection. That is, the controls on ignition, injection, and the FIGS. 10 and 11 are time charts showing the case where 

like are performed synchronously with the crank angle by 5 the front/back pulse missing portion is erroneously deter- 

the angle counter U0 for ignition and injection in a hardware mined. 

manner. By realizing a system which generates frequency , Q FIG 10 when noise Qcau& m me cam signal and the 

multiplication signals (frequency multiplication clocks) at phase of lhe ^ signal becomes at tDe H level at the 

predetermined angle intervals to synchronize with the cylinder determination position of the inherent front pulse 

engine speed, an arithmetic operation for converting from 10 missing portion ( timing tl5 m piG. 10), the back pulse 

angle to time is made unnecessary. The reduction in pro- missing portion is determined. Consequently, the guard 

^ q and improvement in accuracy (when n=32, counter 107 ^ not reset t0 M(r Since the ^ counter 107 

LSB-0.1875 CA) can be achieved. ^ not reset t0 ^ the reference punter 108 is not reset to 

When the crank edge is supplied, the value of (n) times "0" either at timing tl6 but continues incrementing, 

(frequency multiplication) as large as the signal of the guard * 5 Although the tracking counter 109 reaches the guard value 

counter 107 is transferred (loaded) to the reference counter of one cycle, the reference counter 108 is not "0", so that the 

108. In order to realize a counter of 720° CA per cycle, the guard value is maintained. 

guard counter 107 is reset to "0" at the crank edge imme- Consequently, generation of the angle clock is stopped, 

diately preceding the crank edge at which the reference and a reset signal t0 the an gi e counter 110 for ignition and 

counter 108 is desired to be reset. 20 Ejection is not generate d. Since the generation of the angle 

The event counter 106 in FIG. 3 increments at the trailing clock is stopped and no reset signal is generated, the angle 

edges of pulses of the crank signal and outputs an angle counter 110 for ignition and injection also maintains at the 

cycle interrupt signal at each edge. The CPU 11 detects the value same as the guard value of one cycle. Since the angle 

pulse missing position in the crank signal from the count counter 110 for ignition and injection is maintained at the 

value (the number of edge inputs) of the event counter 106. 25 guard value, coincidence of angle values does not occur and 

The count value of the event counter 106 is initialized every ignition and injection outputs are stopped. As the guard 

engine cycle (720° CA). counter 107 is reset to "0" when the next front pulse missing 

In this embodiment, the, frequency multiplication register portion is detected, the ignition and injection are not per- 

104, frequency multiplication counter 105, guard counter 3Q formed through 720° CA. That is, since the value of the 

107, reference counter 108, and tracking counter 109 in FIG. angle counter 110 maintains at the guard value, the ignition 

3 form frequency multiplication signal generating means. and injection are stopped for the period of 720° CA. 

The frequency multiplication signal (frequency multiplica- In the case of setting the value of the back pulse missing 

tion clock) is generated and the angle clock for engine position by the detection of the back pulse missing portion 

control is outputted by the frequency multiplication signal 35 as shown in FIG. 11, when the front pulse missing portion 

generating means. The frequency multiplication signal gen- is erroneously determined as the back pulse missing portion 

erating means has the counter 109 for generating a clock at time tl7 in FIG. 11, the guard counter 107 is not set to "0" 

signal which is subjected to a counting operation on the basis but to an intermediate value (value corresponding to 360° 

of the frequency multiplication signal (frequency multiple CA). The reference counter 108 is not set to "0" and the 

cation clock). 4Q tracking counter 109 is not reset. Consequently, the ignition 

The operation of the ECU 1 operates as follows. FIG. 5 is and injection are not similarly performed through 720° CA. 

a time chart in the front pulse missing position of the crank In the system using the crank signal having two missing 

signal. pulse portions during 720° CA as described above, as shown 

First, when the front pulse missing position is determined in time chart of FIG. 5, during one cycle of 720° CA, there 
since the level of the cam signal is the L level at the trailing 45 is only one position where the tracking counter (angle 
edge (crank edge) of the pulse immediately after the pulse frequency multiplication counter) 109 for frequency multi- 
missing portion at timing tlO, the CPU 11 resets the guard plying the crank signal supplied and the angle counter 110 
counter 107 to "0". The reference counter 108 loads the for ignition and injection which increments by the angle 
value "0" of the guard counter 107 at the following crank clock generated by the increment of the counter 109 are 
edge (at timing til in FIG. 5) at which the system is reset. 50 initialized. In order to determine the initialization position, 
When the count value of the tracking counter 109 reaches a the front and back pulse missing portions are discriminated 
guard value of one cycle in such a state (timing t5 in FIG. by using the level of the cam signal (cylinder determination 
2), the tracking counter 109 is reset to "0" in a hardware signal) and the counters are initialized at the front pulse 
manner. When the tracking counter 109 is reset to "0", a missing portion, 

reset signal is sent to the angle counter 110 for ignition and 55 However, for example, when noise occurs in the cam 

injection. signal and the phases at the time of determining the front and 

The front and back pulse missing portions of the crank back pulse missing portions are inverted, inherently, the 

signal are determined by using the level of the cam signal in front pulse missing portion is erroneously determined as the 

a software manner at the rising edges (timings tl and t2) back pulse missing portion. When the erroneous determina- 

immediately after the pulse missing portions of the crank 60 tion is made, the angle clock is not reset, the value of the 

signal. When the cam signal level is "L" and the front pulse tracking counter 109 is maintained at the upper limit value 

missing portion is determined, the tracking counter 109 is of 720° CA of a cycle during 720° CA until the next front 

reset in a hardware manner at the position (timing t5) of pulse missing portion, and the ignition and injection are not 

BTDC of 6° CA of the fourth cylinder as the system initial performed throughout the period. 

position, and the angle counter 110 for ignition and injection 65 In this embodiment, the above erroneous cylinder deter- 

is simultaneously initialized upon transmission of the reset mination by the front/back pulse missing portions is pre- 

signal. When noise occurs in the cam signal and the level of vented even if noise occurs in the cam signal as follows. This 
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is based on the fact that the cam signal is the cylinder 
determination signal and the high and low levels just before 
the missing pulse portion (to be specific, before predeter- 
mined angles) are unconditionally determined, the cylinder 
discrimination by the front/back pulse missing portions is 5 
performed only when both the level of the cam signal at the 
pulse missing portion and the waveform of the cam signal 
just before the missing pulse portion satisfy the front/back 
pulse missing portion conditions. 

When they do not satisfy the conditions due to noise or the 10 
like, the process is continued by using the determination 
result of last time. Specifically, the immediately preceding 
front/back pulse missing portion determination result is 
forcedly inverted and the cylinder determination is carried 
out by using the inverted result. 15 

In FIG. 6, the waveforms of the crank signal and the cam 
signal and the cylinder determining method will be 
described. The pulse edge immediately after the back pulse 
missing portion is shown by t20, and the pulse edge imme- 
diately after the front pulse missing portion is indicated by 20 
t21. As shown by Tl and T2 in the figure, only the period T2 
in which the cam signal is at the H level just before the front 
pulse missing portion is extremely long, and the number of 
crank edges (the number of pulses) during the H level is 
"21". The number of crank edges (the number of pulses) 25 
during the period Tl of the L level of the cam signal just 
before the back pulse missing portion is "10". 

Since the number of crank edges during the cam signal is 
high just before the pulse missing portion and that after the 3Q 
pulse missing portion are always equal to the above- 
described values, only when both the level of the cam signal 
in the pulse missing portion and the number of crank edges 
during the cam signal is high/low just before the pulse 
missing portion are satisfied, the cylinder determination is 35 
performed. Consequently, the cylinder determination can be 
accurately performed without making erroneous 
determination, so that the ignition and injection are pre- 
vented from being skipped. 

In this embodiment, the margin of the number of crank 
edges in each of the periods Tl and T2 is set as ±2. When 
the number of crank edges in the period Tl is within the 
range of 10±2 (that is, 8 to 12), it is regarded as normal. 
When the number of crank edges in the period T2 is 19 or 
more, it is regarded as normal. The number of crank edges 45 
(number of pulses) can be detected by the CPU 11 by 
monitoring the count value of the event counter 106 in FIG. 
3. 

FIG. 7 shows a processing method in the case where noise 
occurs in the cam signal. When noise occurs in the cam 50 
signal, the cam signal is at the H level at the trailing edges 
(t30, t31) immediately after the pulse missing portion of the 
crank signal and the number of crank edges during each of 
the periods T10 and Til (in which the cam signal is at the 
L level) does not lie within the range (10±2) of the back 55 
pulse missing portion. Consequently, the cylinder determi- 
nation is not performed. 

Specifically, when the "H" level is detected at t30, since 
the number of crank edges is not within the inherent range 
of 10±2 in the period T10 in which the cam signal level is 60 
L just before the pulse missing portion, the back pulse 
missing portion condition is not satisfied. When the H level 
is determined at t31, the number of crank edges is not within 
the range of 10±2 in the period Til in which the cam signal 
level just before the pulse missing portion is H, so that the 65 
back pulse missing portion condition is not satisfied. When 
both of the cylinder determination conditions of the front 
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and back pulse missing portions are not satisfied, the cyl- 
inder determination result in the immediately preceding 
pulse missing position is inverted, and the cylinder deter- 
mination of this time is performed on the basis of the signal 
of last time. Consequently, the ignition and injection can be 
prevented from being skipped due to the cylinder erroneous 
determination, and the control can be normally continued. 

This operation is attained by the CPU 11 which executes 
the routines shown in FIGS. 8 and 9. FIG. 8 is a flowchart 
of determining the front/back pulse missing portions by 
using the waveforms of the cam signal at the edge interrup- 
tion of the cam signal. 

First, at step 801, the CPU 11 clears the number of crank 
edges stored during the H level of the cam signal. At step 
802, the CPU 11 clears the number of crank edges stored 
during the L level of the cam signal to prevent erroneous 
determination. At step 803, the CPU 11 determines the level 
of the current cam signal. In the case of the L level, whether 
it is just before the front pulse missing portion or not is 
determined. When the cam signal is at the L level, at step 
804, the CPU 11 obtains the number of crank edges during 
the cam signal is at the H level. The number of crank edges 
is obtained by monitoring the count value of the event 
counter 106 in FIG. 3. 

Further, at step 805, the CPU 11 determines whether the 
number of crank edges during the cam signal is at the H level 
is equal to or larger than the determination value (for 
instance, 19). Specifically, whether the number of crank 
edges is "19" or larger is determined. When the number of 
crank edges is equal to or larger than the determination 
value, the CPU 11 determines that it is just before the front 
pulse missing portion, and sets the front pulse missing 
portion determination flag at step 806. When NO at step 805, 
it is not just before the front pulse missing portion. Thus, the 
CPU 11 clears the front pulse missing portion determination 
flag at step 807. 

On the other hand, when the cam signal is at the H level 
at step 803, whether it is just before the back pulse missing 
portion or not is determined. When the cam signal is at the 
H level, the CPU 11 obtains the number of crank edges 
during the cam signal is at the L level at step 808. At step 
809, whether or not the number of crank edges is between 
the first and second determination values (for instance, 
between 8 and 12) is determined. Specifically, whether the 
number of crank edges lies in the range from 8 to 12. The 
CPU 11 determines it is just before the back pulse missing 
portion when the number of crank edges lies in the range 
between the first and second determination values at step 
809 and sets a back pulse missing portion determination flag 
at step 810. When the number of crank edges is out of the 
range at step 809, it is not in the back pulse missing portion. 
Consequently, the CPU 11 clears the back pulse missing 
portion determination flag at step 811. 

FIG. 9 is a flowchart of the cylinder determination process 
in a missing pulse detection interrupt routine. First, the CPU 
11 obtains the level of the current cam signal at step 901. At 
step 902, the CPU 11 determines the level of the cam signal 
(whether L level or H level). When the cam signal is at the 
L level, the CPU 11 advances its processing to step 903. 
When the front missing pulse portion determination flag 
determined by the cam signal interruption in FIG. 8 is set, it 
is decided that the front missing pulse portion is detected. At 
step 904, the cylinder determination flag is cleared (off). 

On the other hand, when the cam signal is at the H level 
at step 902, the CPU 11 advances its processing to step 905. 
When the back missing pulse portion determination flag 
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determined by the cam signal interruption in FIG. 8 is set, it 
is decided that the back missing pulse portion is detected, 
and the cylinder determination flag is set (on) at step 906. 
When the conditions are not satisfied (out of the range) at 
steps 903 and 905, the CPU 11 determines that the cylinder 
determination is not made due to noise or the like, and the 
cylinder determination flag is inverted at step 907. That is, 
the result of the cylinder determination at the time of the 
immediately preceding missing pulse detection is inverted, 
and the inverted one is used as the result of the cylinder 
determination of this time. 

As described above, in the system which outputs a signal 
in a hardware manner when the angle timer (angle counter 
109) and the ignition and injection timings and the like 
coincide with each other and which determines the front and 
back missing pulse portions in two positions during 720° CA 
by the cam signal (cylinder determination signal), not only 
the front/rear missing pulse portions but also waveforms of 
the cam signal are determined. Consequently, while prevent- 
ing erroneous cylinder determination, even when noise 
occurs in the cam signal and the cylinder determination 
cannot be made, the cylinder determination can be continu- 
ously made by using the signal of last time. The ignition and 
injection are therefore prevented from being skipped due to 
the erroneous cylinder determination operation. Thus, the 
front/back cylinder determination resistive to noise can be 
realized. 

The above embodiment has the following features. 

(A) The CPU 11 as determining means determines the 
front pulse missing portion and the back pulse missing 
portion of the crank signal on the basis of the level of the 
cam signal in the pulse missing portion in the crank signal 
and the duration of the preceding different level. 

Consequently, at the time of determining the two crank 
angle reference positions in 720° CA by the cylinder deter- 
mination signal synchronized with the rotation of the cam- 
shaft and the crank signal having two pulse missing portions 
during 720° CA, even if noise occurs in the cylinder 
determination signal, the cylinder determination can be 
accurately performed. That is, by determining the front/back 
reference positions in consideration of the waveform of the 
cylinder determination signal, erroneous determination is 
prevented and cylinder determination can be accurately 
made. As a result, in the system of generating frequency 
multiplication signals at predetermined angle intervals to 45 
synchronize with the engine speed, even when noise occurs 
in the cam signal, the engine can be properly controlled. The 
engine control unit highly resistive to noise can be therefore 
achieved. 

(B) More specifically, the tracking counter 109 incre- 
ments on the basis of the frequency multiplication clocks to 
generate angle clocks. The CPU 11 sets "0" in the guard 
counter 107 in accordance with the determination result, 
thereby initializing the tracking counter 109. Consequently, 
the cylinder determination can be accurately made and the 55 
counter 109 can be correctly initialized, so that the angle 
clocks for engine control can be outputted with reliability, 

(C) The crank signal processing hardware 100 and the 
CPU 11 operates as determining means and count means to 
execute count operation based on the crank signal. The front 
pulse missing portion and the back pulse mission portion in 
the crank signal are determined based on the level of the cam 
signal in the pulse missing portions of the crank signal and 
the period of continuation of the different level before the 
pulse missing portion. The count value is reset based on the 
determination result, and the engine is controlled based on 
the count value. Thus, the same advantage (A) is attained. 
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(D) When the front and back pulse missing portions 
cannot be determined by using the levels of the cam signal 
in the pulse missing portions in the crank signal and the 
duration of the different level before each of the portions, the 
CPU 11 uses the inverted value of the determination result 
of last time. As described above, when noise occurs in the 
cam signal and the cylinder determination cannot be made, 
the cylinder determination is continued by using the signal 
of last time. Consequently, without skipping ignition, 
injection, and the like, the control can be continuously 
performed. 

(E) The periods of continuation of different levels (H level 
and L level) are measured based on the number of pulses 
(crank edges) in the crank signal. It is advantageous from a 
practical standpoint. 

In the above embodiment, when noise occurs in the 
cylinder determination signal and the cylinder determination 
cannot be made, the inverted value of the determination 
result of last time is used as the result of determination of 
this time. Instead, the value of the angle counter may be read 
to make the cylinder determination. 

Although the reference position in the crank signal is the 
pulse missing portion in the pulse train in the above 
description, the reference position is not limited to the pulse 
missing portion. The reference position in which the pulse 
interval is irregular can be also provided in a pulse train of 
predetermined angle interval in other configuration (such as 
a configuration in which a pulse is inserted to a pulse train). 

The present invention may be implemented in other ways 
without departing from the spirit of the invention. 

What is claimed is: 

1. An engine control unit comprising: 

a crank signal generating means for generating a crank 
signal comprising a pulse train and a series of reference 
positions, wherein the reference positions occur every 
360° CA, and wherein each reference position corre- 
sponds to a rotation of a crankshaft of a four-cycle 
engine; 

a cylinder determination signal generating means for 
generating a cylinder determination signal, wherein a 
level of the cylinder determination signal in a front 
reference position of every 720° CA is different than 
the level of the cylinder determination signal in a back 
reference position of every 720° CA, and wherein the 
level of the cylinder determination signal at an angle 
before each reference position is different from the 
level of the cylinder determination signal in each of the 
reference positions; 

a pulse interval measuring means for measuring a pulse 
interval of the pulse train; 

a frequency multiplication signal generating means for 
generating frequency multiplication signals an integer 
number of times during the pulse interval and for 
outputting a clock signal for engine control; and 

a determining means for determining the front reference 
position and the back reference position based on both 
the level of the cylinder determination signal in the 
reference positions and an amount of angle that the 
cylinder determination signal has a different level pre- 
ceding the reference positions. 

2. The engine control unit as in claim 1, wherein: 

the frequency multiplication signal generating means is 
provided with a counter for generating a clock signal to 
be subjected to a counting operation based on the 
frequency multiplication signals; and 
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an initializing means for initializing the counter in accor- 
dance with a determination result of the determining 
means. 

3. An engine control unit comprising: 

a crank signal generating means for generating a crank 5 
signal comprising a pulse train and a series of reference 
positions, wherein the reference positions occur every 
360° CA, and wherein each reference position corre- 
sponds to a rotation of a crankshaft of a four-cycle 
engine; 10 

a cylinder determination signal generating means for 
generating a cylinder determination signal, wherein a 
level of the cylinder determination signal in a front 
reference position of every 720° CA is different than 
the level of the cylinder determination signal in a back 
reference position of every 720° CA, and wherein the 15 
level of the cylinder determination signal at an angle 
before each reference position is different from the 
level of the cylinder determination signal in each of the 
reference positions; 

a determining means for determining the front reference 20 
position and the back reference position based on both 
the level of the cylinder determination signal in the 
reference positions and an amount of angle that the 
cylinder determination signal has a different level pre- 
ceding the reference positions; 25 

a count means for executing a count operation in corre- 
spondence with the crank signal and for resetting a 
count value of the count means based on a determina- 
tion result of the determining means; and 

a control means for controlling the engine based on the 
count value of the count means. 

4. The engine control unit as in claim 1, further compris- 
ing: 

a means for using an inverted value of an immediately 35 
preceding determination result of the determining 
means as a current determination result when the front 
reference position or back reference position cannot be 
determined by using the level of the cylinder determi- 
nation signal in the reference position and the amount ^ 
of angle that the cylinder determination signal has a 
different level preceding the reference position. 

5. The engine control unit as in claim 1, wherein: 

the reference positions are comprised of a pulse missing 
portion in the pulse train. 45 

6. The engine control unit as in claim 1, wherein: 

the amount of angle that the cylinder determination signal 
has a different level preceding the reference positions is 
measured based on the number of pulses in the crank 
signal. 50 

7. An engine control unit comprising: 

a crank signal generator for generating a crank signal 
comprising a pulse train and a series of reference 
positions, wherein the reference positions occur every 
360° CA, and wherein each reference position corre- 55 
sponds to a rotation of a crankshaft of a four-cycle 
engine; 

a cylinder determination signal generator for generating a 
cylinder determination signal, wherein a level of the 
cylinder determination signal in a front reference posi- 60 
tion of every 720° CA is different than the level of the 
cylinder determination signal in a back reference posi- 
tion of every 720° CA, and wherein the level of the 
cylinder determination signal at an angle before each 
reference position is different from the level of the 65 
cylinder determination signal in each of the reference 
positions; 
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a pulse interval measuring circuit for measuring a pulse 
interval of the pulse train; 

a frequency multiplication signal generator for generating 
frequency multiplication signals an integer number of 
times during the pulse interval and for outputting a 
clock signal for engine control; and 

a determination circuit for determining the front reference 
position and the back reference position based on both 
the level of the cylinder determination signal in the 
reference positions and an amount of angle that the 
cylinder determination signal has a different level pre- 
ceding the reference positions. 

8. The engine control unit as in claim 7, wherein: 

the frequency multiplication signal generator is provided 
with a counter for generating a clock signal to be 
subjected to a counting operation based on the fre- 
quency multiplication signals; and 

an initializer for initializing the counter in accordance 
with a determination result of the determination circuit. 

9. An engine control unit comprising: 

a crank signal generator for generating a crank signal 
comprising a pulse train and a series of reference 
positions, wherein the reference positions occur every 
360° CA, and wherein each reference position corre- 
sponds to a rotation of a crankshaft of a four-cycle 
engine; 

a cylinder determination signal generator for generating a 
cylinder determination signal, wherein a level of the 
cylinder determination signal in a front reference posi- 
tion of every 720° CA is different than the level of the 
cylinder determination signal in a back reference posi- 
tion of every 720° CA, and wherein the level of the 
cylinder determination signal at an angle before each 
reference position is different from the level of the 
cylinder determination signal in each of the reference 
positions; 

a determination circuit for determining the front reference 
position and the back reference position based on both 
the level of the cylinder determination signal in the 
reference positions and an amount of angle that the 
cylinder determination signal has a different level pre- 
ceding the reference positions; 

a counter for executing a count operation in correspon- 
dence with the crank signal and for resetting a count 
value of the counter based on a determination result of 
the determination circuit; and 

a controller for controlling the engine based on the count 
value of the counter. 

10. The engine control unit as in claim 7, further com- 
prising: 

a circuit for using an inverted value of an immediately 
preceding determination result of the determination 
circuit as a current determination result when the front 
reference position or back reference position cannot be 
determined by using the level of the cylinder determi- 
nation signal in the reference position and the amount 
of angle that the cylinder determination signal has a 
different level preceding the reference position. 

11. The engine control unit as in claim 7, wherein: 

the reference positions are comprised of a pulse missing 
portion in the pulse train. 

12. The engine control unit as in claim 7, wherein: 

the amount of angle that the cylinder determination signal 
has a different level preceding the reference positions is 
measured based on the number of pulses in the crank 
signal. 



10/07/2003, EAST Version: 1.04.0000 



US 6,498,979 B2 



13 



14 



13. The engine control unit as in claim 1, wherein the 
crank signal generating means is comprised of a crank angle 
sensor. 

14. The engine control unit as in claim 1, wherein the 
cylinder determination signal generating means is com- 
prised of a cam angle sensor. 

15. The engine control unit as in claim 1, wherein the 
pulse interval measuring means is comprised of an edge time 
measuring counter. 

16. The engine control unit as in claim 1, wherein the 
frequency multiplication signal generating means is com- 
prised of a frequency multiplication counter. 

17. The engine control unit as in claim 1, wherein the 
determining means is comprised of a microcomputer. 

18. The engine control unit as in claim 1, wherein the 
determining means is comprised of a CPU. 

19. An engine control unit comprising: 

a crank signal generator for generating a crank signal 
comprising a pulse train and a reference position; 

a cylinder determination signal generator for generating a 
cylinder determination signal, wherein the level of the 
cylinder determination signal at an angle before the 
reference position is different from the level of the 
cylinder determination signal in the reference position; 

a pulse interval measuring circuit for measuring a pulse 
interval of the pulse train; 

a frequency multiplication signal generator for generating 
frequency multiplication signals an integer number of 



times during the pulse interval and for outputting a 
clock signal for engine control; and 
a determination circuit for determining the reference 
position based on both the level of the cylinder deter- 
mination signal in the reference position and an amount 
of angle that the cylinder determination signal has a 
different level preceding the reference position. 

20. The engine control unit as in claim 19, further 
10 comprising: 

a circuit for using an inverted value of an immediately 
preceding determination result of the determination 
circuit as a current determination result when the 
reference position cannot be determined by using the 
level of the cylinder determination signal in the refer- 
ence position and the amount of angle that the cylinder 
determination signal has a different level preceding the 
reference position. 

21. The engine control unit as in claim 19, wherein: 
the reference position is comprised of a pulse missing 

portion in the pulse train. 

22. The engine control unit as in claim 19, wherein the 
determination circuit is comprised of a microcomputer. 

23. The engine control unit as in claim 19, wherein the 
determination circuit is comprised of a CPU. 
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